-hCG (beta-human chorionic gonadotrophin) is a pregnancy-associated molecule produced by implanted blastocysts and trophoblastic cells. β-hCG as one of the earliest embryonal signals may be a major regulator in the paracrine embryo-endometrial communication.
pregnancy may be a marker for designating the outcome in future phases of the pregnancy. [7] [8] [9] Cutoff studies are also conducted so the post-IVF initial β-hCG value can be used in the prediction of pregnancy success. 8, 9 Processes of implantation, achieving pregnancy and maintenance of pregnancy are ensured with sufficient trophoblastic activity in the beginning of the pregnancy. 10 Negative impacts of factors such as age and BMI on sperm-oocyte-embryo quality and endometrial receptivity may cause insufficiency in the trophoblastic activity. 11, 12 This study was conducted in consideration of the fact that changes in the trophoblastic activity may reflect on β-hCG values in early pregnancies. The purpose of this study is to investigate the parameters of female, male and cycles that could affect post-ART (assisted reproductive techniques) -pregnancy initial β-hCG value.
MATERIAL AND METHOD
In this retrospective study, data of 3056 individuals who had become pregnant with IVF/ICSI at a private IVF center and between 2006 and 2016 and whose pregnancies continued for over 12 weeks were evaluated. Initial β-hCG values of these pregnancies were compared with parameters of mothers, fathers and cycles. Those who had OHSS during the controlled induction of ovulation, patients who were applied with the IVF/ICSI with single oocyte, patients to whom embryos were transferred after having been accumulated in a few cycles and frozen-thawed cycles were not included in the study.
On the 12th day following the embryo transfers, β-hCG values of the patients were accepted to be the initial β-hCG values. The formulation "patient's weight (kg)/height * height (m 2 ) was used for the calculation of the body mass index (BMI). FSH on the second or third day of the treatment cycle was accepted to be the basal FSH. Endometrial thickness on the day when hCG would be applied for ovulation induction was taken as basis and the estradiol level on the same day was accepted to be E 2 max.
STATISTICAL ANALYSES
Results of 3056 individuals were evaluated in the study. The study was designed as follows: The study was divided into three titles: singleton, twin and triplet pregnancies, and separate analyses were performed under those titles. Shapiro-Wilks tests was applied as the normality test to the initial β-hCG value, which is the continuous parameter and it was decided which parametric or non-parametric tests would be applied on the basis of groups.
Female age, male age, numbered of transferred embryos, male factor and whether there was PCOS were compared with the β-hCG parameter on the basis of the group with parameters on the embryo transfer day in the Kruskal-Wallis non-parametric test. Dual-comparison Bonferroni correction test was applied to the parameter which was found to be significant. 
RESULTS
It was found that 63.8% (n=1952) of the participants had a singleton pregnancy, 32.2 (n=987) had a twin pregnancy, and 3.82% (n=117) had a triplet pregnancy.
RESULTS FOR SINGLETON PREGNANCIES (n= 1952):
When evaluating median and IQR (Inter-Quartile Range) values of singleton pregnancies' initial β-hCG results on the basis of female age, male age, number of transferred embryos, presences/absence of male factor, presence/absence of PCOS, they did (Table 1a) .
A statistically significant difference was found among medians of β -hCG results values on the basis transfer days (p=0.001) ( Table 1a ). The groups of transfer day which caused the difference were found to be days 2-3, days 2-4, days 2-5, days 3-4, days 3-5 and days 4-5 (p<0.001, p<0.001, p<0.001, p=0.003, p<0.001, p=0.031 respectively) (Table 1b) .
A correlation analysis was conducted between the β -hCG values of the singleton pregnancies and the parameters given in Table 2 and a negative, weak and linear relationship was found only between BMI and the β-hCG parameter (p<0.001) ( 
RESULTS FOR TWIN PREGNANCIES (n= 987)
When evaluating median and IQR values of singleton pregnancies' initial β-hCG results on the basis of female age, male age, number of transferred embryos, presences/absence of male factor, presence/absence of PCOS, they did not differ statistically and significantly (p=0.697, p=0.356, p=0.143, p=0.825 and p=0.217 respectively) (Table 3a) .
A statistically significant difference was found among medians of β -hCG result values on the basis transfer days (p=0.001) ( Table 3a ). The groups of transfer day which caused the difference were found to be days 2-3, days 2-4, days 2-5, days 2-6, days 3-5 and days 3-6 (p<0.001, p<0.001, p<0.001, p=0.001, p<0.010, p=0.001 respectively) (Table 3b) .
A negative, weak, linear and statistically significant relationship was found between participants' BMI values and their β-hCG values (p=0.023). As BMI values increase/decrease, β-hCG value decreases/increases (rho: -0.084).
A negative, weak, linear and statistically significant relationship was found between participants' E 2 max values and their β-hCG values (p=0.009). As E 2 max values increase/decrease, outcome increases/decreases, too (rho: 0.113) ( 
RESULTS FOR TRIPLET PREGNANCIES (n= 117)
In the triplet pregnancy group, β-hCG median was 530.00 (IQR=491.75) for the female participants who were younger than 35 years of age and 445.00 (IQR=646.00) for the female participants who were older than 35 years of age. The female participants who were younger than 35 years of age had higher β -hCG median, but it did not differ statistically and significantly because the number of subjects in the groups was imbalanced (p=0.545) (Table 5a ).
β-hCG median was 417.00 (IQR=280.75) for the male participants who were older than 39 years of age and 546.00 (IQR=617.00) for the male participants who were younger than 35 years of age. β -hCG values caused a statistically significant difference on the basis of the male age group (p=0.031). In the group of the male participants who were older than 39 years of age had low β-hCG median than the other group (Table 5a ).
Outcome medians of the individuals were found to be 457.00 (IQR=580.25) for those whose transfer days were day 2, 453.00 (IQR=387.00) for those whose transfer days were day 3, 622.00 (IQR=498.50) for those whose transfer days were day 4 and 1535.00 (IQR=1296.00) for those whose transfer days were day 5 respectively. A statistically significant difference was found among medians of outcome values on the basis transfer days (p=0.001) ( Table 5a ). The groups of day which caused this difference were days 3-5 and days 2-5 (p<0.001, p=0.012 respectively) (Table 5b) .
A negative, weak, linear and statistically insignificant relationship was found between participants' BMI values and their β-hCG values (p=0.687) ( Table 6 ). Müberra The relationship between the BMI values of all the female participants in the study and their β -hCG values was examined and it was found to be a statistically significant relationship. It was determined that there was a negative, weak and linear relationship between the two parameters ( Table 7) .
DISCUSSION
It was seen in this study that there is a negative correlation between the initial β-hCG values of pregnancies achieved by assisted reproductive techniques and mothers' BMI values and a positive correlation between those β-hCG values and the embryo transfer day. The correlation between BMI and β-hCG was observed to be statistically significant in singleton and twin pregnancies, but it was not found to be statistically significant in triplet pregnancies. A negative relationship was observed between female age and β-hCG values, but it was not found to be statistically significant. No relationship was revealed between β-hCG values and presence of male factor, presence of PCOS, number of transferred embryos, endometrial thickness, FSH and E 2 max values.
Initial β-hCG implantation is indicated in ART pregnancies and it is stated to be associated with trophoblastic tissue activity. 13 β-hCG levels may be very high in uncontrolled trophoblastic invasion and low initial β-hCG levels may indicate that pregnancies cannot be implanted. 7, 14 In the light of this information, the fact that as BMI increased, hCG levels decreased in this study shows parallelism with the negative effect of BMI on implantation. There are studies which stated that endometrial receptivity and reproductive outcome are broken as BMI increases. [15] [16] [17] The fact that the correlation between BMI and β-hCG is broken in the triplet pregnancies in this studies may be caused by the insufficient number of the patients in that group.
It is known that implantation rates decrease as female age and male age decrease and uterine receptivity declines with advanced age. 18, 19 In this case, a correlation between female and male age and β-hCG could have been expected; however, this relationship could not be observed in this study. This implies that trophoblastic activity is not affected by age. The same applies to presence of male factor and presence of PCOS. Both are conditions which have been reported to affect implantation negatively. 20, 21 β-hCG value and male factor and PCOS could not be associated in this study; likewise, these conditions may not be hindering the trophoblastic activity. Kathiresan et al. (2011) showed that initial β-hCG level has a prognostic role in pregnancy and it is associated with the embryo transfer day. 22 Oron et al. (2015) revealed that initial hCG levels were higher in blastocyst transfer than cleavage embryo transfers in single embryo transfers and reported that hCG level has a predictive role in pregnancy achievement. 23 In this study, too, it is seen that as embryo transfer day increased, β-hCG levels increased statistically and significantly.
There are studies revealing the relationship of endometrial thickness and maximum estradiol levels with implantation. [24] [25] [26] Nevertheless, no relationship was found in this study between endometrial thickness and maximum estradiol levels and β-hCG value.
Initial β-hCG value and β-hCG increase has been previously associated with early pregnancy outcome. Barnhart et al. (2004) and Fong et al. (2005) revealed that there is a relationship between early pregnancy outcome and β-hCG levels. 27, 28 Forat et al. (2007) examined the relationship between long-term pregnancy outcome and hCG. 29 In the following years, studies reporting that initial β-hCG value is in direct proportion to live birth rates have been published. 30, 31 In this study, it is a limitation that the relationship between pregnancy outcome and β-hCG value was not investigated. This study aimed at investigating the factors which can affect initial β-hCG value independently from pregnancy. It is though that it is a first in this sense. The fact that twin and triplet pregnancies as well as single pregnancies were evaluated in separate groups in this study makes it more valuable.
In conclusion, it was shown in the study that initial β -hCG value is in a negative correlation with BMI and in a positive correlation with transfer day in ART pregnancies. A negative relationship was observed between mother's age and β-hCG values, but it was not found to be statistically significant. The data obtained in the study need to be supported with larger series in the future. It is also thought that these data may contribute to the literature which tries to achieve a β-hCG cut-off value in the determination of pregnancy outcome. 
